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SYSTEM FOR STORING, MIXING 



5 Thi£ present invention relates generally to medical devices for the preparation and 

administration of drugs and other therapeutic solutions, and more particularly to a drug 
delivery system which includes a container and a syringe for administering the drug which 
arepre-filkd with a drug and a liquid diluent, respectively. 

Modem healthcare facilities typically have available a large number of dry ? or 
pharmaceutical solutions and other medicaments to administer to patients. Often, drug 
solutions or prernixed solutions may be administered without further preparation. For some 
drags, it may be necessary to store the drug in a concentrated form, which may be either 
1 5 liquid or paniculate in nature, to maintain the stability and potency of the drag for a 

reasonable shelf life. Also, concentrated compositions facilitate efficient storage arid 
handling. 

To concentrate a drug which is in liquid form, a iyopmiization process Is used, The 
drug is subjected to a vacuum in a chamber to remove most of the water and then to 
20 concentrate the drug. After lyophilizaiion the drug is sealed and prepared for shipment to a 

heMthcare facility, 

At the healthcare facility, the concentrated drug is reconstituted by a syringe mixing 
system. The concept of separately packaging and then mixing drug and diluent components 
within a vsai and/or a syringe barrel is known. However, many of the known syringe 
2t> mixing systems req oire special or unusual components, require many operational steps, 

and'or require the use of a sharp, hollow needle or cannula which can be hazardous. 

Additionally, for some drugs, particularly protein based drugs, a silicone free 
environment is desirable. A container closing structure which does not require a silicone 
sealing oil that is typically used in eonjnnetipn with reeiproc&table stoppers, would be 
30 advantageous, it * ouid be also advantageous if the closing structure would maintain 

i union. 



mtmmnmi 



- 2 •• 



nvi; 

The present invention provides a container useable in a system to facilitate the efficient 
and convenient packaging of a concentrated drug, the reconsfitution of the drug in a 
* * - ' button. 

The container comprises a cover structure at one end with a first Luer lock fitting that 
defises a delivery opening and a closing structure at an opposite end. 

Trie first Luer lock fitting is configured to engage a complimentary (second) luer 
n ^ ' e first Luer lock fitting includes a thread form for engaging a 
complimentary thread form on the second Luer lock on the syringe. 

The closing structure may he formed either as a substantially closed unitary end wall 
with the sick-wall of a first barrel, or as a stopper or other piog-iike member adapted to slide 
within the first barrel. The use of the unitary end wall avoids the use of a reciprocating 
grommet or stopper. This is particularly advantageous because silicone sealing/lubricating 
oil is not required. 

As an alternative to the unitary end wall structure, the closing structure includes & 
stopper adapted to slide within the first barrel and a holder configured to fit onto the first 
barrel of the container , The holder is capable of moving between two positions with respect 
to the first barrel, In the first position, the barrel can vent vapor daring lyophtiiKttiom In 
the second position, the holder is sealed to the first barrel and it cannot vent vapor. 

The nolder includes a top wall and a surrounding annular side wall extending 
merefrom. The top wail includes a central recess with a central hole. The centra! recess Is 
sized to receive therein a microbial filter. In the first position of the holder, the stopper is 
held within the holder above the end of the first barrel. The holder includes a hook 
extending from the top wall for releasably holding the stopper within the holder. The 
stopper include,, inclined '-vail formations for engagement by the hooks. The holder 
includes a vent for removing vapors during lyopiulizatkm. 

Biraa! the vacuum phase of the lyophilization process, the holder and stopper held 
within are positioned in the first elevated position on the barrel with the vent open. After 
iy^pmh^ on Is complete he hold i per are depressed downwardly into the 
second position onto the barrel and the vent is thereby closed by a wail position of the 
barrel. 
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j 1 i m before j \ * trd! b eh nit me* sa tedb 

differential pressure on me stopper as the holder vest is closed, and into the second locked 
position 

<■ e-m a\t r ^ Hi - v A t < , „ ^ ^ $, 

5 the barrel uncouples the stopper from the holder and draws the stopper farther into the 

barrel. The stopper is sized to tightly, slldahSy lit within the bane;. 

Fhc crobki I ter maintains the tore! in a sterile condition while allowing the 
stopper to siidably move within the barrel. That is, the filter allows the ah to pass into and 
out of the barrel between the stopper and the barrel open end, during movement of the 
1 0 stopper. 

The cover structure with first Luer lock fitting of the container can be formed as a 
unitary structure with the first barrel, or the first barrel can have an otherwise open end 
which is substantially closed by an overfirting cover piece having an integral Luer lock 
fitting. The cover piece can be snap fitted onto the barrel using a flange of the first barrel 

lite container has a first removable closure or plug engaged to the first Luer lock fitting 
that temporarily seals die delivery opening. 

Similar to the function of the holder, the cover piece can be constructed to move 
between two positions with respect to the first barrel In a first, elevated .position, the first 
2o barrel can vent vapor through or around the cover piece during lyophiiization. After 

N J F r.pletcd, the cover piece can then be snapped down onto the first barrel 

by mechanical means to a second position, in this second position, the cover niece is sealed 
to the first barrel and the barrel cannot vent vapor. 

i t e u s'ru m ■> cover structu 1 

25 drug is rsamta >et durin yophtiizationandreconstitution. 

As previously described, the container includes a cover structure and closing structure. 
bodinK ! < in co r structure and < it structu e ea ct 
entirely as a unitary structure with the barrel of the container. In another embodiment, the 
cover structure Gusrmeted as a unitary structure with i &rre 1 the < ing structure 
30 is constructed to include or employ the stopper and holder described above. In yet another 
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embodiment, -be cover structure includes the moveable cover psece described above aid the 
closing structure is constructed as a unitary structure with the barrel 
he ontaine fthepresen entioi s partk a.b kpted t 
;y stern \ nch ais. includes a syringe rhe syringe has a second or syringe barrel and a 1 ue- 
c\ '? r n > v c 5 t i s E - 

A removable closure is engaged to the Luer lock titling and seals the discharge opening. A 
piston is slidabiy and seaiingiy disposed in the syringe barrel to define a diluent chamber 

' i - passage 

The Laer lock fittings of the container sod syringe are mutually engageabie for 
ceupimg the drug- containing container end-to-end with the diluent-containing syringe to 
establish fluid communication between the delivery passage and the discharge passage after 
the removable closures are removed from the container and the syringe. 

A plunger is provided in the diluent syringe and engaged with the piston so that 
movement of the plunger inwardly will force the diluent into the connected drug-containrng 
container for reconstituting the drug in solution form. The reconstituted drug in solution 
can then be drawn from the container into the syringe by outward movement of the plunger. 
The swinge cm then be removed from die container, and a tube or needle cm be connected 
to the Luer lock fitting at the discharge end of the syringe. The plunger can then be pushed 
inwardly to administer the solution to a patient. 

fheLuei . n be provided in the form of male and female Luer lock 

n eon ng container may be provided with a female Luer lock fitting at 
ts & sc] - 1 ned by a Luer taper nozzle having a male Luer thread form, and the 
syringe may be provided with a male Luer lock fitting including a Luer taper nozzle 
surrounded by a female threaded collar having a dual lead female thread form. 

Alternatively, the above-described female Luer lock fitting on the container may be 
instead incorporated on the barrel of die syringe, while the above-described male Luer lock 
fitting on the barrel of the syringe may be instead incorporated on the barrel of the 
container. 

further, according to another aspect of the invention, a small et quantity or narttal dose 
o:fv v * \ i v * i a> o, adnum^e-ed. To this end, after the dry drug- 

containing barrel is completely filled with all of the liquid diluent .from the syringe barrel, a 
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portion of the reconstituted drag solution can be drawn back into the syringe barrel The 
container and the syringe can then be disconnected, and the smaller quantity of the 
recoi i two dry soluth can be administered t a patient 

" v <> Jatitity ha been administ e npty syringe barrel i b 
reconnected to the container barrel containing the remaining portion of the reconstituted 
: ' ' " \ b quantity or partial dose of the reconstituted drug 

solution can be again drawn into the diluent syringe barrel far subsequent administration to 
& patient. 

Ihe drug packaging, m xing and delivery system ol the present im end > : is preferable 
configured so that the entire arrangement can be used once and disposed of economically. 

Other leatures and aavantages of the present container and die drag packaging, mixing, 
and delivery system will become readily apparent from the following detailed description, 
the ..'accompanying drawings, and the appended claims. 



FIG. 1 is a partial cross-sectional view showing a liquid diluent in a diluent syringe 
barrel with a plunger and piston in a first position, and a coneestrated-drug-eontainmg- 



FIC3, 2 is an exploded cross-sectional view of the syringe barrel and the container of 
FIG. I in a further stage of operation; 

FIG. 2A is an enlarged fragmentary perspective view of a nozzle of the container of 
FIG, 2; 

FIG. 28 is an enlarged fragmentary perspective view of an alternate nozzle for the 
container of FIG. 2; 

FIG. 3 is a cross-sectional view showing the container of FIG. ] connected' fo the 
diinent-containing syringe barrel just prior to the initial ^constitution of the concentrated 
drug within the container; 

FIG. 4 is a cross-sectional view similar to FIG. 3, but FIG. 4 shows the diluent 
x <• - (N dr v n f : is arc onstirutcd solution 

FiG. 5 is & perspective view, shown partially in section, of an alternate top portion of 
the container shown in PIG. 3 in an initial stage daring iyophilizarion; 
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FIG. 6 is a perspective view similar to FIG. 5, but with the container in a final stage of 
\ ^ \ .cation 

FIG. 7 is a perspective view shown partially in section, of an alternate bottom to the 
container shown in FIG. 1 in an initial stage of lyophih'zaoon; and 

8 is a § pecti ve view, shown partial}) in section, oi the b m - n si >v nin * ; 
ia a further stage of lyophUizatfon, 
Mimilli.MSCR|PTiQ]S 

White the present invention is susceptible of embodiment in various forms, there is 
shown m the drawings and will hereinafter be described only some embodiments, with the 
understanding thai the present disclosure is to be considered as an exemplification of the 
invention, and js not intended to limit the invention to the specific embodiments described 
ana illustrated. 

A presently preferred form of the present invention comprises a container for storing a 
concentrated drug (especially a lyophilized drag in dry, powder form), the container having 
a Luer lock fitting for releasabte attachment to a second container such as a syringe , A 
system using the container is contemplated for storing the concentrated drug, for separately 
stonng a diluent, for combining the drug and diluent to reconstitute the drug in solution 
form for administration, and for dispensing fee solution. 

An exemplary embodiment includes a concentrated dreg container 10 having a bane! 
HO as illustrated in FIGURES 1 and 2. The barrel i 10 is preferably cylindrical arte 

- ' 1 s - ndri interio surface 118. The barrel 1 10 is closed by a closing 
strucmre which has a closed end 1 16 formed as a unitary structure with the barrel and 
includes a substantially closed opposite end or deli very end 1 ] 2 with passage 1 14 defined 
by a female Luer lock .fining 109 which is adapted for receiving a male Luer lock fitting. 
The female Luer lock fitting 109 is surrounded by a conventional Luer lock dual lead male 
thread form 1 15 as shows in F10. 2A. 

< - is > A)!, •> cm alternate male thread form 1 i 5' which comprises oppositely 
disposed lugs U 5a, I. 15b which form the male thread portion of a double-start right hand 
thread connection. The lugs 11 5a, 115b are sized and shaped to be engaged by, arid 
progress in, a female thread form (such as a thread form 1 93c described below). 
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The passage 1 14 is tapered, and a male Luer nozzle I 93s (described below) is 
compatibly tapered, such as with a 6 % Luer- taper accord)-; - bten-adonai Standard ISO 
594/1. First Edition 1986-06-15, Ref. No. ISO 594/1 -1986(E). entitled: "Conical Fittings 
v — ' '"I c - - ov vi. needles and certain other medical equipment-Past 1." 

£ u ioc fittingsreaa fee fe geoowl with international Standard ISO 
$94-2 First Edition 1991-05-01 Reference Number ISO 594-2. W\{h >, entitled "Conical 
mtmgs with a 5% (luer) taper lor syringes, needles and certain other medical equipment- 
Part 2: Lock fittings" and/or ANSI/HIMA MD70J-I983 (Revision of ANSI 270.1-1955} 
entitled: "American National Standard for Medical Material-Luer Taper Finings - 
Performance.'' The delivery end 1 12 may alternatively be a male Luer lock fitting for 
engagement with a female Luer lock fitting. 

The delivers' passage 114 is preferably temporarily closed with a removable threaded 
closure 128 which may engage the nozzle 109 by thread means or by means of another 
suitable, releasahie attachment system, As tt^:hferd^.tl«s.t«tro- "removable" means 
"openabfe" in the sense of removing an occlusion. The closure 128 could be designed to 
remain attached to the first barrel after being opened or punctured. The closure 1 28 could 
be designed to be recessed within the delivery end 112. The closure 128 could be a valve or 
could include a valve. 

The first barrel 1 10 defines a first chamber or mixing chamber which can be filled with 
' - a concentrated uec e i riu?s co: entr L\ ttu i ti < 

cry drug 152 {e.g., a lyophilized drug in powder form) which has a predetermined drag 
concentration. 

At; exemplary embodiment of the syringe mixing system also Includes a diluent syringe 
182 as illustrated in FIG. I. The diluent syriage 182 includes a second barrel 384 that holds 
a diluent liquid 186. The second barrel 1 84 is preferably cylindrical and preferably has a 
- vm er\ , mcrv sur.acv. i$S 

The secor-d barrel 184 has a discharge end 190 defining a discharge passage 192. The 
exterior surface of the discharge end 190 defines a male Luer lock fitting 193 including a 
nozzle 193a and a surrounding collar 193b with a conventional female Luer lock dual lead 
female thread form 193c. Art exterior closure or cap 194 is provided for sealing;}- closing 
the discharge passage 1 92 of the diluent syringe 1 82. The cap 1 94 has a maie-huer-nozzle- 
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8 - 19 and a sum din* > M vhicht erfri n grip 
Luer lock fining 193. Alternatively, other suitable methods of attaching the closure 194 to 
>> , v -c emp oved, for example K ihrt id n - 
As a further alternative, the Luer lock connection system illustrated for the embodiment 
shown in FIG. 1 may be reversed. Thai is, the Luer lock fitting 109 having the thread form 
II 5 tor 1 1 5'} on the barrel 1 1 0 may be instead provided on the diluent syringe barrel 1 $4 , 
and the Luer lock collar ] 93b with the female thread form 1 93c may be provided on the end 
of the barrel 1 10. 

rk " : - ' barrel 1 84 has an opposite, ©pea end 1 95 whh a flange 1 96. A 

piston lor "grommef, or "movable seal", or "stopper") 1 97 is slidably and seaiingly 
disposed in the diluent syringe barrel 184 between the barrel open end 195 and the barrel 
discharge end 190 to define a diluent chamber for containing the diluent liquid 186. The 
piston 197 is preferably made from a resilient material such as a synthetic elastomer!© 
material. 

The piston 197 has art outer side 198 facing the barrel open end 195 and has an inner 
side 1 99 facing the barrel delivery passage 192, At the piston outer side 19$, the piston 
defines a receiving cavity 202 with a surrounding female thread form 204. The receiving 
cavity 202 receives the distal end of a plunger 20$. The plunger 208 distal end has a male 
thread foras 212 for ifareadingiy engaging the female thread form 204 in the piston 197. 

It is contemplated that the container 10, including the concentrated drug 132, would be 
packaged together with the diluent syringe 182 containing the diluent 1 86. However, the 
concentrated drug container 10 and die diluent syringe 182 could be packaged and supplied 
separately. Advantageously, the container 10 can be an Scun glass or plastic tube or vial 
and tk diluent syringe ! 82 can be a 50ml diluent syringe. 

is any case, in order to administer the drug, the concentrated drug 1 32 mast be 
reconstituted to the diluted, solution form. To this end, the diluent 1 86 is mixed with the 
concentrated drag 132, This is accomplished as illustrated in FIG. 2 by removing the 
concentrated drug-containing barrel removable closure 128, removing the diluent syringe 
barrel closure 194, and screwing the two barrels together as illustrated In FIG. 3. 

v x urel94isrerr ed iron tcv sen /ring* a §4. the diluent liquid 

8 ut f^eaj<vu y>sNv 2be,a vU uv 5 j ; t« t 
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passage 192 and because of the inability of air to enter the chamber and continually equalize 
Use interior pressure with the ambient pressure to permit the liquid to drain out. 

When connected together, the male Luer nozzle 1 93a is sealingly received into the 
passage II 4 of the female Liter fitting 1 09 and the male thread form I i 5 (or ! 15') 
fereadingiy engages the female thread form 193c of the collar 193b. 

After the two barrels are properly connected, the plunger 208 is pushed downward] v to 
s - iU > ' v ~ l cn* 186. This expresses the diluent 1 86 from the diluent 
chamber through the diluent syringe barrel discharge passage 192 and through the barrel 
deli very passage 114 into the chamber in the concentrated drug barrel 1 1 0. The diluent J 86 
combines with the concentrated drag 132 for ^constitution of the drug m .solution form 
132', The assembly can be shaken to insure good mixing. 

is some applications, it may not be necessary or desirable to immediately administer 
is. te ' i ^ v-f die reconstituted solution in the container barrel 1 10. The present 
invention accommodates such situations and permits a smaller quantity or partial dose of the 
solution to be administered. 

To this end, the plunger 208 is pulled outwardly in the syringe barrel 1 84 as illustrated 
in FIG. 4. This draws a desired quantity of the reconstituted solution into die syringe battel 
184. 

in any event, after the desired quantity of reconstituted drug solution has been 
transferred to the syringe barrel 1 84, the syringe barrel 1 84 can he disengaged from the 
barrel m Then the syringe barret 184 holding the desired quantity of drug solution may 
be connected to a suitable delivery system for administration to a patient (e.g., the discharge 
nozzle 193a can be attached to a delivery tube that has a female Luer lock connector for 
receiving the nozzle 193a and for engaging the threads on fee collar 1 93b). 

5 u >se k n > after < ninistering the partial dose, fee empty syringe barrel 1 84 can be 
reconnected to the reconstituted drug solution container 10, and another small quantity or 
partial dose of the drag solution can be drawn into the syringe barrel 1 84 for subsequent 
administration to a patient 

> - 5 illustrates art alternate coneentrated-^rag-eontainmg container 500 which is 
particularly suited tor the initial iyopfaiiization of the concentrated drug within the container 
with an alternate cover structure. The container memdes barrel 510 with an open top end 
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516 surrounded by an outwardly directed annular flange 51?. The barrel 510 can. be, for 
example, as; 8mm glass vsaj. The cover structure includes a cover piece 530 or holder 
having a surrounding side wail 532 which is placed 'onto the container barrel 510, A 
removable plug 53 1 is fit onto or held by the cover piece 530 The cover piece 530 and the 
5 plug 53 i are preferably injection molded bodies. 

s uniling annular side wall 532 i sized be iighi than ie nan 

st a distal end 533 of the side wall. An inside surface 535 of the side wall 532 has an 
irregular shape including an undulating contour having a bottom annular wail portion 542, a 
second annular wall portion 544, a third annular wall portion 546, and a fourth annular wall 

1 0 portion 548. Between each of the wall portions 542, 544, 546, 548 is a discontinuity Or 

crease. The wall portions 542, 544, and 546 each have a convex profile facing the barrel 
510. The fourth wall portion 548 has a substantially flat profile. 

in the position shows in FIG. 5, the cover piece or holder 530 Is supported on the 
flange Si? by the first annular wall portion 542 which lias, at about its half-height, an inside 

15 diameter slightly smaller (in a relaxed state) than the outside diameter of the flange 517. 

The surrounding annular side wall 532 is substantially closed at a top thereof by a top 
wall 556 having a female Luer lock fitting including a nozzle 560 extending therefrom. The 
nozssk 560 has a tapered Luer opening 562 for receiving a male Luer fitting. Surrounding 
the nozzle 560 is a male thread form 564 for a female Luer lock fitting. The male thread 

20 form can be either thread form shown m FIGURES 2A or 2B. 

Extending downwardly from an inside surface of the top wall 556 is a seal ring 570 
ha- Ing on an outside thereof an annular seal bead 572 generally b opposition to the fourth 
wall portion 548. The fourth wail portion 548, top wall portion 556 and seal ring 570 form 
a seat area 573 for receiving the flange 517. The convex contour of the third wail portion 

25 546 locks the cover piece 530 or holder to the barrel 510. 

Extending upward from the distal end 533 of the holder 530 are vents in the form of a 
plurality of vertical slots 582 which allow venting of the container 500 when the holder is in 
the position of FIG, 5 but which are closed fey the barrel 51 0 when the holder is put into the 
depressed position of FIG. 6. 

30 As illustrated is FIG. 6, die cover piece or holder 530 has been depressed downwardly. 

Hie first, second, and third wall portions have been deflected outwardly or stretched by the 
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flange 517 io allow the flange 5 17 to pass to the seat area 573 . The flange 51 7 is snapped 
into the seat area 573 and trapped by a protruding portion of the third wall portion 546, the 
flange located between the seal bead 572 and the wail portion 548. 

The seal bead 572 is composed of resilient material to effect a seal between the barrel 
5 and the cover piece or holder 530. 

c hilizatiot he c ; ainer 5G< i oranged in She c nfiguration sd ositio 
shown in FIG. 5. Water vapor from inside the barrel 510 is vented through the slots 582, 
particularly those portions of the slots which are exposed above the flange 517. After 
' » * ' and cover piece 530 are pressed downwardly by conventional 

1 u i In* on apparatus (not shown). The wall portions 542, 544, 

546 are recently deflected outwardly or stretch to ride over the flange 5 1 7 until the flange 
is seated within the annular seat 573, as shown in FIG. 6, The bead 572 is moved within the 
barrel 510 to seal the cover piece or holder 530 thereto. In this locked position, the slots 
S82 greeted by the wall material of the barrel 510, 

1 5 The removable ping 53 i includes a male Luer nozzle plug 600 which tightly fits within 

the inside surface 562 of the female Lner lock nozzle 560. The nozzle plug 600 is 
connected via a top wall 601 to a surrounding collar 604 -having female threads which 
engage the male thread form 564 of the nozzle 560. A handle piece 606 extends from the 
!XS 1 ; 1 « provides a usei-grippable member for removing the plug 53 1 . 

20 To reconstitute the iyophilized and concentrated dreg within the container 5 i 0, the plug 

53 i is removed by unscrewing it from the female Luer lock fitting 560, Once the plug is 
unscrewed, the syringe barrel 1 84 can be attached to the Luer lock fitting 560, as shown in 
FIG. 3. 

In an alternate embodiment described in FIGURES 7 and 8, a container 700 includes a 
25 closing structure which uses a reciprocatabie stopper 734 to close the container in lieu of the 

unitary bottom wall 116 shown in FKL 3. This configuration offers some advantages, 
particularly for initial lyophilization of a drug stock to produce the concentrated drug. 

The container 700 is shown inverted with its bottom elevated. This would be the 
container orientation during lyophflizasion. The closing structure also includes a holder 745 
30 which is supported substantially above an opes end of an alternate barrel 710. The holder 

eleasahh suppt its die copper 7^4 above Use open end 716 1 he tec tpr uat ible t > 3 
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is sized and shaped So be fit into the alternate barei 710. The stopper 734 Is preferably 
made from a resilient material suck as a synthetic elastoroeric material or rubber, to seal 
against an inside surface 718 of the alternate barrel 710. 

The bolder 745 is preferably an injection molded plastic body which includes a 
surrounding annular side wall 746 substantially closed at a top side by a top wall 747. The 
top wall 747 includes & central recess 74B with a central hole 749. The central recess 748 is 
sized t0 ^cei ve therein a microbial filter 744 (shown displaced in partial exploded view for 
clarity), which is secured by insert molding, or heat staking, or by adhesive into the recess, 
and which covers the central hole 749. The microbial filter is disk shaped and can be 
composed of a PALL or FILTER TECH microbial filter element. A plurality of hooks 750 
extending downwardly from the recess have outwardly directed hubs 751, 

The side wail 746 of the holder 745 includes one or more slot-shaped vem windows 
753 which allow water vapor V to escape the barrel 7S0 during iyophilization. The slot- 
shaped vent windows 755 extend upward to a limited extent such that when the holder is In 
me position with respect to the barrel 730 shown in FIG. 7 water vapor can escape fern 
over the top of the barrel open end 716 and radially outwardly through the vent windows 
755. When the holder 745 is in the position shown in FIG. 8, the window vents are closed 
by the barrel 710. A plurality of window vents 755 can be spaced around a circumference 
of mehoider 745. 

■The holder 745 has an irregular inside surface having discrete annular undulations 760, 
761 , 762 and an annular Sat wall 764. The undulations are slightly convex annular rings 
separated by creases. In the position shown in FIG. 7 the lowest undulation 760 has an 
inwardly directed contour which at approximately its half-height has an inside diameter less 
than an outer diameter of the flange 770 of the barrel 710, This contour provides an 
inwardly extending annular portion 700 which supports the holder 745 on the flange 770 of 
the barrel 71 0. When the holder 745 is pushed downwardly as shown in FIG, &, the 
undulations 760. 76 1 , 762 will be outwardly deflected or stretched to ride over the flange 
77b until the flange 770 is captured irt a seat defined by the wall 764, the bottom surface of 
top wall 747, and the annular undulations 762. The convex contours of the annular 
nndoMon 76C locks the holder 745 to the flange 770. The undulations 760, 761,762 assist 
in providing an effective seal onan outside of the barrel 710. 
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As shown more dearly iu FIG. 8, the stopper 734 includes a central socket 780 w:tb 
coaxial annular walls 782, 784, 786 which are vertically spaced and which are inclined 
i erttcally risin direct i T mmlar walls 782. 784, 7« - 

n Si u !L m v. uis " h v t , u , 

in a vertically rising direction. 

1 n ^ ' k ij 74*1 duung assent ■> >, - 

751 xfciliently ride over the wails 786, 790, 784, and 792, Jo be engaged : n « naiiy agamsi 
the wall 782 to hold the stopper 734 in place, and coupled to the holder 745. 

1 1 <•» f - eo the holder 745 and assembly, including the holder 
745, the microbial filter 744, and the stopper 734, are pushed downward from the position 
show in FIG. 7 to the position shown in FIG, 8 by conventional mechanical means of the 
iyopbUization apparatus (not shown). The atmosphere surrounding the container is 
increased from below atmospheric pressure (vacuum) to atmospheric pressure. The pushing 
is assisted by differentia! air pressure force on opposite sides of the stopper as the stopper 
seals mside the barrel 710 and the ambient pressure outside the container increases. The 
greater pressure on an outside of the stopper 734 forces the stopper 734 to disengage from 
the holder 745. Thereafter, the stopper 734 is free to move within the barrel in response to 
the differential pressure on opposite sides of the stopper, taking into consideration the force 
of friction between the stopper and the inside surface 7.18 of the barrel 710. 

The stopper has on an outside surface thereof, a plurality of annular undulations 800, 
802, 804, i.e., convexiy contoured rings, which assist in providing an effective seal between 
the stopper 734 and the inside surface 71 8 of the barrel 

It will be appreciated that the microbial filter 744 maintains the sterility of the inside 
surface .718 of the barrel 710 before and during the outward movement of the stopper 734 
(as the dry drug and the diluent are mixing while the diluent is discharged from the syringe 

- * * of the diluent barrel). The filter 744 allows air to pass into and 
out of the barrel 710 in the space between the filter and the stopper 734, during movement 
of the stopper 734. For example, when the diluent is expressed into the container 700 from 
s no\ e towatd the filter and an v\ 1 1 pass out of the ban e, 
\ I en reconstituted drat i 
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stopper^ «o\c3sva a siterandanvM.ibeinwo: i e barrel } » the 
filter. 

Use of the present system promotes efficient and effective preparation, packaging, 
restitution, and delivery of a drug. Further, the system avoids the use of a sharp needle: 
or cannula, thereby eliminating puncture hazards and further reducing the number of 
components. 

» * >. ' J > v opened that numerous modifications and variations can 

be effected Without departing from the true spirit and scope of the novel concept of the 
presem nve a Iieprese- <s re is tt be understood fc jadly a tun w 

respect to the specific embodiments herein is intended or should be inferred. The disclosure 
is intended to cover, by fee appended claims, all such modifications as fall within the scope 
of tise daims. 
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WliAl' IS CLAIMED IS: 



1 . A container for storing a concentrated drug, comprising: 
* \»r a u, t > s n p i s j o l ' 

5 co jc tied iru ax 

ructur t . ecoi or: 

" - - ' * ! a Lu )ck fitting inc tng a deih u> ; wi 
* ^ 1 ' c N 5»g a male Lucr Jock nozzle, and a male thread form > - j an 

outside ol said deliver) nozzle for engaging a female thread form of a collar of a male Luer 
10 lock finsng. 



2. The container in accordance with claim I fonher comprising 
i eios § structure which e oses said barrel at the first end thereof. 

* 5 3 * %e container in accordance with claim 2 wherein said closing structure 

comprises an end wall formed as a unitary structure with said barrel. 

4. The container in accordance with claim 1 wherein said cover structure 
comprises an end wall portion formed as a unitary structure with said barrel and said Luer 
20 lock fsning. 



3. Hie container in accordance with claim 2 whereto said closing structure 
comprises a stopper adapted to slide within said barrel between said first end and said 
second end. 

25 

6. The container in accordance with clam; 1 wherein sa;d cover structure 
comprise a separate cover piece and wherein said barrel includes an outwardly directed 
annular flange at said second end. said separate cover piece includes a surrounding side wall 
v ^~~ d ,e- 4 " aidb re , u'd second end 

sa ^ surrounding side wall including an -inwardly directed member for capturing 
s - ir flange wl eke m couple aid cover piece to sa re 
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7. The container in accordance with claim 3 . wherein said cover structure 
comprises a cover piece including a surrounding side wail, 

ng fluid conimumeation betwee 1 1 u b wrd interior and 

exterior, 

said barrel includes an outwardly directed flange at said second end. 

T * e cont8iner in accordance with claim 7 wherein said cover piece is moveable 
between a(l) first position where said cover piece is supported on said flange by said 
portn m said en sopei a d 2} a second position where said co\ rpie« sdepresset 
on said barrel in a locked position and said vent is closed. 

9. A container for holding a concentrated drug, comprising: 
a barrel having a first end and an open second end; and 

a structure including a holder adapted to be motirtted to said open second end 
movable between a first position and a locked, second position relative to said second end. 

1 0. The container in accordance with claim 9 wherein said 

holder has a vent for venting vapor from inside said barrel to outside said barrel , 

said vent is open when said holder is in said first position and said vent is 
closed when said holder is in said locked second position. 

1 1 The container according to claim 10, wherein said holder includes a surrounding 
side wail sized to overfit said open second end of said barrel, 

said surrounding side wail having a radially inwardly directed portion to hold 
« ai \r isition 

The Container according to clain i where said rad i >vard directed 
portoj s rev % i , tar/ e outwanlK to allow sate ho.uer to K -roved 5 rto «nd 
' :i> i second p< sition 
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13. The container according to claim 1 2 wherein said holder includes a top wall and 
a surrounding side wall extending from said top wail, 

said surrounding side wall includes an inwardly directed wall portion for 
capturing said annular flange proximate said top wall when said holder is in. said locked, 
ecortd position 



14. The container according to ciaim 13 wherein said top wall tin h- k , centra 
hole and said holder includes a microbial filter element carried by said top wall md 
covering said central hole. 

1 5, The container of ciaim 1 4 further including a stopper sized and shaped to 
t w thin said barrel. 



16. The container according to claim 15 wherein said holder includes at least one 
1 5 hook extending downwardly from said top wail and adapted to engage said stopper when 

said holder is at said first position and release said stopper when said holder is at said 
second position. 

1 ? - " - ' r ;ortiins to claim 16 wherein said stopper includes a central 
20 recess facing toward said holder, 

said recess having annular wall portions, at least one of said annular wall 
portions having a inwardly inefined taper, 

said holder comprises a plurality of books which engage said one wall portion 
to rete&saoly engage said stopper. 

25 

18, The container according to claim 17 wherein said stopper includes a plurality of 
amiuiar undulations on an outside surface thereof. 



19. The container according to claim. 13 wherein said top wall includes a delivery 
30 passage. 
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20. The container according to claim 1 0 wherein said Brst end has a delivery 
passage and said barrel includes a Luer lock fitting at said first end which has an inside 
surface which defines said delivery passage. 

2 1 . The container according to claim 20 wherein said Liser lock fitting comprises a 
female Luer lock fitting including a nozzle having a bore defining said inside surface, said 
hare having a Luer taper and a thread form on an outside of said nozzle. 

22. The container according to claim 1 0 wherein said hoi der includes side portions 
cos rip an outside surface of said barrel 

23 . The container according to claim 1 0 wherein said vent comprises at least one 
slot defined through said holder. 

24. The container according to claim 9 wherein said barrel Includes a flange around 
said open second end, said holder has a surrounding side wall with an undulating inside 
surface for engaging said barrel 

25. The container according to claim 24 wherein said undulating inside surface of 
saio surrounding side wall includes (I) a convex annular wall portion having an inside 

v tu b is less tiam an outside diameter of said flange such that said holder is 
supported on said flange and (2) a second convex annular wall portion arranged proximate 
said top wail and having a minimum inside diameter which is less than the diameter of said 
Saagg for capturing said flange proximate said top wall when said holder is in said locked 
second position. 

26. A container for storing a concentrated drug, comprising: 

a barrel having a surrounding wall between a first end and a second end, for 
containing a concentrated drug; and 

a c«ver structure adapted to be mounted to said second end, said cover structure 
movable fiom a first position to a second locked position on said barrel, said cover structure 
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having a Luer lock fitting including a delivery nozzle with a Luer tapered opening for 
g a ma j-j oc s ^ e 

27. The container in accordance with claim 26 wherein said cover structure includes 
5 a cover piece comprising a top wall and a surrounding annular side wail extending 

nd end, 

said barrel includes an outwardly directed annular flange at said second end, 
said cover piece includes an annular ring extending from top wall, said top wail 
annular side wall and annular ring defining a seat area for receiving said annular .flange 
1 0 when in said second locked position to couple said cover piece to said barrel 

28 . The container in accordance with claim 26 wherein said surrounding annular 
side wall includes an Inwardly directed portion for holding. -said cover piece in said first 
positK said barrel. 

15 

29. The container m accordance with claim 28 wherein 

said surrounding annular side wall also includes a vent lor exposing the inside 
of said barrel to the outside of said band when said cover piece is in said first position, 

said inwardly directed portion is disengageabie to allow said co ver piece to be 
20 pressed onto said barrel to said second locked position which closes said vent 

'Hie container in accordance with claim 26 wherein said Luer lock fitting 
comprises a female Luer lock nozzle having a surrounding thread form, 

25 31 ■ rne container in accordance with claim 26 wherein said barrel comprises a glass 

vial, 

32. The container in accordance with claim 26 wherein sard barrel comprises a glass 
bottle. 

30 



diluent, and for combining the concentrated drag and diluent to reconstitute the drug in 
solution form for administration to a patient, said system comprising: 

a container for initially containing a concentrated drug, said container having a 
S first barrel with a del: very end including a female Luer connector dels oing a delivery 

passage and 

a closing structure which closes an opposite end of said first barrel to define a 
' s " vitrei s*. dt > r% passage and said closing structure for containing said 
oncentt tied drug, 

10 a diluent syringe for initially containing a diluent liquid, said syringe having (a) 

a syringe barrel with an open end and a discharge end defining a discharge passage, (h) a 
piston slidabiy and sealingly disposed in said diluent syringe barrel between said diluent 
syringe barrel open end and said diluent syringe barrel discharge end to define a diluent 
chamber for containing said diluent, and (c) a plunger connected to said piston and 

i5 N - b sser for sliding said piston; and 

releasabk Luer lock fitting means for coupling said discharge end of said 
diluent syringe barrel with said delivery end of said first barrel to establish fluid 
communication between said first barrel delivery passage and said diluent syringe barrel 
discharge passage, 

20 whereby said piston can be moved by said plunger toward said diluent syringe 

5 5 tge< or ex >ressing >nsd dihtent from said diluent chamber tough said 
diluent syringe barrel discharge passage and through said first barrel deliver}' passage into 
said first chamber to combine said diluent with said concentrated drug for reconsutution of 
said drug in solution form. 



34. The system in accordance with claim 33 wherein said first barrel comprises a 
cylindrical wsii and said closing structure comprises an end wail which is formed as a 
unitary structure with said cylindrical wait 
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Hie systen iccord t vit uan \ e > ^ t 

comprises a stopper inside said first barrel which resilienily seats against an inside surface 
of said first barrel. 

36. The system m accordance with claim 33 in which said relcasabie Luer lock • 
fitting means includes: 

a thread form on said first barrel delivery end; and 
a complimentary thread form on said second barrel discharge end for mating 
with said thread form on said first bsncL. 

37. The system in accordance with claim 36 wherein said container further having a 
first removable cover having said thread form for threadingiy engaging said first barrel 
delivery end thread form. 

38. The system in accordance with claim 33 wherein said thread form on said first 
barrel is female and said thread fons on said second barrel is male. 

39. A container for storing a concentrated drug, comprising: 

a barrel having a surrounding wall between a first end and a second end, for 
containing a concentrated drag; 

an end wall which closes said barrel at said first end thereof where said end wall 
is formed as a unitary structure with said surrounding wall; and 

a cover structure substantially dosing said surrounding wail at said second end 
thereof and having a Luer lock fitting which defines a delivery opening at said second end. 
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